INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for more than 90% of primary malignant neoplasms, being the sixth most prevalent type of cancer and the second most common cause of cancer-related mortality worldwide [1] [2] [3] . Although most cases occur in developing countries, their incidence in developed countries has increased in recent years due to the high prevalence of chronic hepatitis C, immigration from areas where hepatitis B and hepatitis C are common, and the increased prevalence of non-alcoholic fatty liver disease (NAFLD) [2] [3] [4] . Heterogeneous data on HCC incidence have been reported in Latin America [2, [5] [6] [7] . In Brazil, the HCC incidence varies from 3.3%-6.0% per 100000 per year, and the mortality rates are similar due to high intrahepatic recurrence, distant metastasis and lack of effective treatment for cases diagnosed at an advanced stage [8, 9] . The prognosis is generally somber and essentially depends on the tumor stage at diagnosis. In cirrhosis patients, the American Association for the Study of the Liver Diseases (AASLD) recommends screening for HCC by ultrasound, with or without an alpha-fetoprotein test, every six months [10, 11] . Although HCC is commonly associated with cirrhosis, approximately one in five cases are unrelated to it. In such cases, the tumor is often detected in advanced stages, since non-cirrhotic patients are usually not screened. Chronic hepatitis B or NAFLD patients may also develop a tumor without associated cirrhosis [12, 13] . In recent years, five-year HCC survival rates have improved considerably due to early detection and curative therapies [14] . However, despite efforts to detect the disease in early stages among patients with risk factors, a substantial number of cases are diagnosed at intermediate and late stages, when the survival rate is lower [4, 15] . In Brazil, recent DATASUS figures indicate that upon diagnosis, palliative care is the only possible treatment in 62.2% of the cases [16] .
Treating patients with HCC is not simple, since two serious diseases usually coincide: Cirrhosis and a malignant tumor. A number of staging systems have proposed treatment guidelines for HCC according to evolutionary stage [17] [18] [19] [20] [21] . The Barcelona Clinic Liver Cancer (BCLC) staging system, which considers tumor characteristics, liver function and performance status, is the most widely used and endorsed system in Western HCC management guidelines [4, 11, 17, 22] . Published in 2014, the Hong Kong liver cancer (HKLC) staging system identifies subsets of patients with intermediate and advanced HCC and proposes more aggressive treatment to improve survival rates [18] . However, the HKLC system still requires validation in Western populations, since it was developed at a single Asian center that principally treats patients infected with the hepatitis B virus (HBV) [18, 23] . Both systems suggest curative, supportive or palliative care according to the patient's stage. The objective of this study was to assess the agreement of BCLC and HKLC therapeutic approaches according to HCC evolutionary stage in a Western population.
MATERIALS AND METHODS
This retrospective cross-sectional study analyzed data from the medical records of individuals over 18 years of age diagnosed with HCC and treated at a referral service in a university hospital in southern Brazil between 2011 and 2016. Upon diagnosis, demographic and clinical data and laboratory results were collected, as well as performance status and Child-Pugh (CP) scores. Diagnosis was based on AASLD criteria [17] . Tumor characteristics (size, number of nodules, intra-and/or extrahepatic dissemination) were assessed with dynamic imaging (computed tomography or magnetic resonance imaging) prior to treatment and near the time of diagnosis. Tumors were considered multifocal when they involved more than three nodules, regardless of size. The management of each complication presented in decompensated patients was made accordingly the hospital Liver Unit protocol.
The patients were staged according to BCLC criteria [24, 25] . For the purposes of this study, since the BCLC does not set a tumor size limit for BCLC-A cases, patients thus staged were classified according to the up-to-7 criterion as either in or out, i.e., when the sum of the nodules plus the diameter of the largest nodule is ≤ 7, these patients are most likely candidates for curative treatment, whereas when it is > 7, palliative treatment is usually recommended. The patients were also staged according to the HKLC system [18] . According to tumor size in relation to the proposed treatment, HKLC-IIB, -IIIA and -IIIB patients were subclassified as up-to-7 in/out. The approach of decompensated patients with BCLC, CP-B patients were managed with curative or palliative therapies depending on HCC characteristics and the presence of metastasis and/or vascular invasion, while CP-C ones were candidates for best supportive care. When applying HKLC scheme, CP-B patients were managed with curative or palliative therapies depending on HCC characteristics and the presence of metastasis and/or vascular invasion, while CP-C ones were either candidates for liver transplantation or best supportive care.
After the patients were staged according to both systems, the systems' agreement regarding therapeutic approach for different stages was analyzed ( Table 1 ). Overall patient survival was estimated from HCC diagnosis until the outcome, i.e., death, loss of follow-up, or the date of the last appointment at the referral hospital.
This study was approved by the Hospital de Clínicas de Porto Alegre Ethics Committee (CAAE 57899016.8.0000.5327) and followed recommended guidelines for studies of human subjects.
Statistical analysis
Quantitative variables were expressed as mean ± SD or median and interquartile range (25th-75th). Categorical variables were described as frequencies and percentages. The Kaplan-Meier curve was applied to estimate survival time, and the log-rank test was used to calculate survival probability. A P ≤ 0.05 was considered statistically significant. Data were stored and processed using the Statistical Package for the Social Sciences 18.0 (SPSS Inc., Chicago, IL, United States).
RESULTS

General characteristics of patients
A total of 568 patients were diagnosed with HCC according to AASLD criteria between 2011 and 2016. Of these, 49 (8.6%) were excluded because their medical records included no CP score report and/or no assessment of performance status. Thus, the final sample totaled 519 patients. The patients' demographic, laboratory and clinical data are described in Table 2 . The median age at diagnosis was 60.9 (56.2-67.7) years; the sample was predominantly male (64.7%). The most common underlying etiology was hepatitis C virus infection (HCV -78.4%), followed by alcohol abuse (37.4%). Most patients were staged as CP-A (52.6%), followed by CP-B (34.9%). Multifocal tumors were observed in 50.3% of the cases, and in 86.5% of the cases the size of the largest nodule was less than 10 cm.
HCC staging systems: BCLC vs HKLC
In the BCLC system, curative treatment is recommended for HCC stages BCLC-0 and A, palliative treatment with transarterial chemoembolization (TACE) is recommended for stage BCLC-B, systemic treatment is recommended for stage BCLC-C, and supportive treatment is the only alternative for BCLC-D. The cases, stratified according to the BCLC and HKLC systems, are shown in Figure 1 .
According to the HKLC system, 178 (34.3%) of the 519 patients were HKLC-I and 95 (18.3%) were HKLC-IIA, stages in which curative therapy is recommended, including resection, liver transplantation or ablation. Another 47 cases (9.1%) were classified as HKLC-IIB, of which 16 (34.0%) were up-to-7 in and 31 (66.0%) were upto-7 out. The HKLC system recommends resection in these cases. A total of 29 (5.6%) patients were classified as HKLC-IIIA, all of them up-to-7 out, and 30 (5.8%) were classified as HKLC-IIIB, for which the HKLC system indicates palliative care, with TACE as an optional procedure. However, of the 30 HKLC-IIIB cases, only 11 were up-to-7 out. In addition, 75 cases (14.4%) were classified as HKLC-IV, of which 32 (42.7%) were HKLC-IVA, for which systemic therapy is recommended. The 65 (12.5%) remaining cases were classified as HKLC-V, with 38 (58.5%) as HKLC-VA, i.e., candidates for liver transplant.
According to BCLC staging, 25 (4.9%) of the 519 patients were BCLC-0, 246 (47.4%) were BCLC-A, 213 (86.6%) of which were up-to-7 in and 33 (13.4%) up-to-7 out, 107 (20.6%) were BCLC-B (intermediate HCC), 76 (14.6%) were BCLC-C (advanced HCC), and 65 (12.5%) were BCLC-D (terminal HCC).
The treatment agreement between the BCLC and HKLC staging systems is shown in Table 3 . The overall agreement for the two curative and palliative classifications was 80.0%. The treatment for all BCLC-0 cases was in agreement with that of HKLC-I. The agreement between BCLC-A cases and HKLC-I, HKLC-IIA and HKLC-IIB stages was 96.7%. However, the agreement between treatments for BCLC-B and parallel HKLC stages was only 46.7%. Agreement between BCLC-C and HKLC was 98.7%, including stages HKLC-IVA and HKLC-IVB. The agreement between BCLC-D and HKLC-V was also low (41.5%).
Overall survival analysis
The Median overall survival of BCLC-0 and BCLC-A patients was significantly higher than BCLC-B (P = 0.001 and P < 0.001, respectively), BCLC-C (P < 0.001 and P < 0.001, respectively), and BCLC-D patients (P < 0.001 and P < 0.001, respectively). Median overall survival was significantly higher for BCLC-B patients than BCLC-C (P < 0.001) and BCLC-D (P = 0.011) patients. The overall survival probability of BCLC-0 and BCLC-A patients 7 years after diagnosis was similar: 46.0% and 44.0%, respectively. The survival probability of BCLC-B cases two years after diagnosis was 45.6%, which was significantly higher than BCLC-C (19.4%) and BCLC-D (30.5%) ( Figure 2B) .
The median overall survival for HKLC-I was significantly higher than HKLC-IIB (P = 0.015), HKLC-IIIA (P < 0.001), HKLC-IIIB (P < 0.001), HKLC-IVA (P < 0.001), HKLC-IVB (P < 0.001), HKLC-VA (P < 0.001), and HKLC-VB (P < 0.001). This significant increase in overall survival was also observed for HKLC-IIA and HKLC-IIB cases compared to HKLC-IIIA (P < 0.001), HKLC-IIIB (P < 0.001), HKLC-IVA (P < 0.001), HKLC-IVB (P < 0.001 and P = 0.002, respectively) and HKLC-VB (P < 0.001). Median overall survival for HKLC-IIIA, HKLC-IIIB and HKLC-IVA was significantly higher than HKLC-IVB (P < 0.001, P = 0.003 and P < 0.001, respectively) or HKLC-VB (P = 0.004, P = 0.023 and P < 0.001, respectively). Median overall survival for HKLC-VA was higher than HKLC-VB (P <0.001). The overall survival probability of HKLC-I patients 7 years after diagnosis was 48.7%. The overall survival probability for HKLC-IIA and HKLC-IIB cases 2 years after diagnosis was 67.3% and 64.5% respectively. This probability was lower for HKLC-IIIA (22.3%), HKLC-IIIB (30.7%) and HKLC-IVA (34.2%) patients. The overall survival probability of HKLC-VA patients 1 year after diagnosis was 57.3%, which was higher than that of HKLC-IVB (7.0%) or HKLC-VB (7.7%) patients ( Figure 2C ).
DISCUSSION
Over the last 30 years, a number of staging systems have been developed to address the interrelationship of prognostic factors in HCC patients and to propose an adequate course of therapy according to disease stage. However, due to the clinical, biological and etiological heterogeneity of different populations, there is no flawless staging system. Despite the fact that the BCLC is the most predominant system worldwide and is mandatory in HCC management, it involves controversial points, such as the maximum tumor diameter in BCLC-A and recommending TACE for all patients with intermediate tumors (BCLC-B) . Moreover, especially in the latter case, the BCLC does not consider moving from palliative to curative therapy in TACE responders or escalating to systemic therapy for TACE non-responders or those who have multifocal tumors without metastases.
The objective of this study was to evaluate the agreement between BCLC and HKLC staging systems regarding therapeutic management of HCC in Western populations, and the results showed high general agreement between the two systems. However, agreement was low in intermediate HCC cases, indicating, as the HKLC suggests, that TACE is not mandatory for all BCLC-B cases. It was not surprising that agreement was also low for BCLC-D cases, since the BCLC suggests supportive treatment for CP-C patients, while according to HKLC this population could, depending on tumor mass, benefit from liver transplant. Because this discrepancy can be easily dealt with, BCLC-D patients will not be further discussed.
BCLC-0 (ablation, LR or LT) BCLC-A (ablation, LR or LT) BCLC-B (TACE) BCLC-C (SOR) BCLC-D (ST)
Tumor etiology is among the most significant variables in determining therapy type, and it involves important regional differences [2, 3, 26] . HCV infection and NAFLD, the main causes of HCC in Western populations, are usually associated with cirrhosis [10, 26] , while HBV infection is the leading cause of HCC in Asian and African populations. Many of these patients are not cirrhotic and have preserved liver function, which facilitates the success of curative treatments [26] . Thus, Asians with HCC could particularly benefit from HKLC, since it indicates more aggressive curative treatments than the BCLC. However, like many previous studies, the present study involved a Western sample [8, 23, 27, 28] . Only 6% of the cases were HBV related, and most patients had chronic HCV infection. Cirrhosis was present in all cases, especially CP-A patients, characterizing a population with controlled liver disease, which facilitates more aggressive HCC treatments.
Although treatment selection is crucial for patient survival, determining the most appropriate therapy has been controversial [29, 30] . A previous study showed that the HKLC system has greater discriminatory and prognostic power than the BCLC [18] . However, no external validation has been performed. Similar studies to this one have been conducted in different countries, but with disparate results [23, [30] [31] [32] . A Korean study found that the overall survival of intermediate-stage HCC patients (BCLC-B) was higher for liver resection (which is proposed by HKLC) than TACE [33] . On the other hand, a multicenter study in France found that the HKLC system is not associated with better prognostic or therapeutic power than the BCLC [31] . This divergence is probably due to etiological and pathophysiological differences between Asian and European populations. The present study, conducted with Latin American patients, found high agreement between the staging systems, except for certain niches, especially patients with intermediate HCC. Most of the patients were candidates for curative treatments, which agrees with other published studies [23, 26, 31, 34] . The fact that these patients were diagnosed with early-stage HCC can probably be attributed to screening, since these cirrhosis cases were diagnosed and followed up at a university institution, which contributed to greater overall survival. In addition, studies show that tumor diagnosis tends to occur at earlier stages in populations in which HCV and alcohol are the most frequent etiologies [23, 31] .
The median overall survival in this study was 32.7 mo, which was higher than the 12.7 mo observed by Yau et al [18] . Overall survival was significantly higher in BCLC-0 and BCLC-A than the other stages, as expected. In the HKLC system, the highest survival rates were in the HKLC-I, HKLC-IIA and HKLC-IIB stages.
Although the BCLC staging system is currently the main tool for determining the prognosis and treatment of HCC [17] , it has been criticized for being too conservative, especially in therapeutic management of the BCLC-B stage [35] [36] [37] . This point was highlighted in the results of the present study since, according to the HKLC, more than 50% of these patients could have been candidates for curative treatment rather than the palliative treatment recommended by BCLC. These findings agree with prior publications in Asia and Europe [26, 30, 31, 34] . Although the HKLC and BCLC staging systems are comprehensive, some patients do not fit neatly into the pre-specified categories. This could lead to different therapeutic recommendations for the same patient [37] ,which reinforces the need to further explore the issue. In this study, the highest agreement was found between stages HKLC-I and BCLC-0 (100%) and HKLC-IV and BCLC-C (98.7%). These results can be explained by the tumor characteristics and liver function common to both systems. Cases staged as BCLC-A, as well as HKLC-IIB, HKLC-IIIA and HKLC-IIIB, were subdivided according to the up-to-7 in/out criterion, which demonstrates the limitations of both systems, since they cannot clearly discriminate between patients who need curative or palliative care. Although the up-to-7 criterion is an anatomopathological, rather than radiological, classification, it has been used in a similar fashion in clinical practice. However, rather than indicating a limitation in these systems, it shows that therapy should be individualized [38] . We found BCLC-A and HKLC-IIB, HKLC-IIIA and HKLC-IIIB up-to-7 out patients who would not qualify as liver transplant candidates due to their tumor volume [39, 40] , as well as HKLC-IIIA and HKLC-IIIB patients who would not qualify as TACE candidates because they have nodules larger than 10 cm or have decompensated cirrhosis (CP-B and CP-C) [41] .
This study presents some limitations that should be addressed. First, the differences in overall survival are not exactly real because they were estimated according to the different therapeutic options suggested by the systems. Some other should be considered, such as the fact that it is a single center, observational and retrospective analysis.
In conclusion, this study showed that there is adequate agreement between the HKLC and BCLC staging systems regarding therapeutic management of HCC in Western populations, except in cases of intermediate HCC (BCLC-B) . However, it is clear that both systems have limitations, as demonstrated by the need to apply the upto-7 criterion in BCLC-A, HKLC-IIB, HKLC-IIIA and HKLC-IIIB to determine when curative treatment should be recommended. Although staging systems should be further refined to cover the full diversity of HCC cases, these findings suggest that the BCLC system, which is more simple and intuitive, should be applied in all HCC cases, and that in BCLC-A and, especially, BCLC-B cases, the HKLC can contribute important information regarding patient management.
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Research background
Treating patients with hepatocellular carcinoma (HCC) is not simple, since two serious diseases usually coincide: Cirrhosis and a malignant tumor. The Barcelona clinic liver cancer (BCLC) staging system, is the most widely used and endorsed system in Western HCC management guidelines. The Hong Kong liver cancer (HKLC) staging system identifies subsets of patients with intermediate and advanced HCC and proposes more aggressive treatment; however, this system still requires validation in Western populations. This study to assess the agreement of BCLC and HKLC therapeutic approaches according to HCC evolutionary stage in this population.
Research motivation
Evaluating the agreement of the treatments proposed by the BCLC and HKLC system according to HCC evolutionary stage in a Western population, can optimize the therapeutic approaches, promoting an increase in patient survival time.
Research objectives
This study aimed first to evaluate the agreement between BCLC and HKLC staging on the management of HCC in a Western population. Secondary aim was estimating the overall patient survival with HCC.
Research methods
Retrospective cross-sectional study analyzed data from the medical records of individuals over 18 years of age diagnosed with HCC and treated at a referral service in a university hospital in southern Brazil between 2011 and 2016. Upon diagnosis, demographic and clinical data and laboratory results were collected, as well as performance status and Child-Pugh (CP) scores. Diagnosis was based on the American Association for the Study of the Liver Diseases criteria. The patients were staged according to BCLC criteria and HKLC system. After, the agreement of the treatment proposed by both systems was performed. Overall patient survival was estimated from HCC diagnosis until the outcome, i.e., death, loss of follow-up, or the date of the last appointment at the referral hospital.
Research results
A total of 519 HCC patients were assessed. Of these, 178 (34.3%) were HKLC-I; 95 (18.3%) HKLC-IIA; 47 (9.1%) HKLC-IIB; 29 (5.6%) HKLC-IIIA; 30 (5.8%) HKLC-IIIB; 75 (14.4%) HKLC-IV; and 65 (12.5%) HKLC-V. According to the BCLC, 25 (4.9%) were BCLC-0; 246 (47.4%) BCLC-A; 107 (20.6%) BCLC-B; 76 (14.6%) BCLC-C; and 65 (12.5%) BCLC-D. The general agreement between the two systems was 80.0% -BCLC-0 and HKLC-I (100%); BCLC-A and HKLC-I/HKLC-II (96.7%); BCLC-B and HKLC-III (46.7%); BCLC-C and HKLC-IV (98.7%); BCLC-D and HKLC-V (41.5%). When sub-classifying BCLC-A, HKLC-IIB, HKLC-IIIA and HKLC-IIIB stages according to the up-to-7 in/out criterion, 13.4, 66.0, 100 and 36.7%, respectively, of the cases were classified as up-to-7 out.
Research conclusions
This study showed that there is adequate agreement between the BCLC and HKLC staging systems (80.0%) regarding therapeutic management of HCC in Western populations, although in BCLC-B cases the agreement was low, suggesting that some individuals could be candidates for the curative treatment recommended by the HKLC. However, it is clear that both systems have limitations to determine when curative treatment should be recommended. Although staging systems should be further refined to cover the full diversity of HCC cases, these findings suggest that the BCLC system should be routinely employed in Western populations; although for BCLC-B cases it should be associated with the HKLC system.
Research perspectives
Demonstrated adequate agreement between the BCLC and HKLC systems in relation to the therapeutic management of HCC in Western population evaluated. However, new multicenter and prospective studies are needed to assess this issue in the Western population.
